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SUMMARY  PAGE* 


THEPiOMJM 


To  dovolop  on  onimol  modol  for  dysboric  osteonecrosis. 

FINDINGS 

Squirrel  ewnlceys  were  rofieatedly  exposed  to  o profile  consisting  of  hyperbaric 
end  hypoboric  pressures  that  cousad  clinical  and  srbciinical  decompression  sicicrtess 
in  the  ewnkeys.  No  clinical,  radiologic,  or  post-nnortem  evidence  of  osteortecrosis 
was  discovered  during  ei  ther  the  6-month  pressure  exposure  period  or  the  13-month 
obsSTvatioR  pwiod  that  followed . 
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INTRODUCTION 


DyiboHc  ort»owcro«i«  ho*  bMn  dncribad  In  Hw  litvraturv  tine*  kil*  In  ths  loit 
century  under  o variety  of  nooMs,  I ovoKulor  necrotft^  oMptle  bone  necrotis, 
ond  coltton  bonedlteoge  (9).  It  edght  be  best  deterged  Milopcrtliologically  os  aseptic, 
fscbeieic  orieonecroeis.  The  disease  has  boon  reported  in  eililfary  divers  (1,15),  low 
pressure  chorsbsr  operators  (2,7),  ond  oviotors  0*  Th*  relotiveiy  high  inciderMW  of 
specific  bone  ond  {oirtt  lesions  in  certain  occupotiom  leaves  little  doubt  thot  it  Is  the 
result  of  cossprsssion/decoeyteMion  (10),  but  the  exoct  pathogenesis  is  unknown) . A 
high  incidence  of  bone  lesions  has  been  reported  In  individuois  with  a history  of 
decoaipretsion  sickness  (9),  sihich  can  be  coused  by  diving  or  flying  alone  but  porticu* 
iarly  combinotiorw  of  b^  (4,6). 

Attenpts  to  produce  the  syndrosM  In  experioMnlal  animals  hove  had  limitod  success. 
Dogs  (11)  ond  guinea  pigs  ^) are  apporently  refractory.  Lesions  have  been  reported 
in  swine  (14),  but,  this  species  Is  Ic^,  difficult  to  hondle,  expensive  to  molntoin, 
ond  phylogenetically  distant  from  toon.  The  sguirrel  morikey  is  especioliy  suitable  for 
biomedical  research  hecouse  of  its  sonll  size,  tractobility,  easy  molntenonce,  and 
reody  ovailobillty  (B).  (The  latter  consideretion  is  uncertoin  at  this  time,  however, 
due  to  export  restrictiorw  by  the  countries  of  origin .) 

The  purpose  of  this  study  was  to  provide  o suitable  onimol  ncodel  for  dyiboric 
osteonecrosis  by  subjecting  squirrel  monkeys,  Solmlri  sciureus  (2),  to  o co^irrotion  of 
hyperbaric  ond  hypoboric  pressures  and  detecting  radiogrophicolly  the  borte  chonges 
assocloted  with  the  disease. 


PROCEDURE 


SUBJECTS  AND  APPARATUS 

Thirty  male  Columbian  squirrel  monkeys  (Soimiri  sciureus)  were  used  in  the 
experiment. 

Small  Plexiglas  cylinders,  each  divided  into  two  comportments  by  o solid  partition, 
served  os  primary  enclosures  for  two  animals.  These  cylinders  were  fitted  with 
breathing*i|as  inlet  pipes  on  the  side  and  several  small  gas-escape  ports  in  the  ends. 

In  this  woy,  relatively  high  flow  rates  could  be  maintained  around  the  animals  and 
rebreathing  of  exhaled  gas  minimized . 

A l8(MIter  hyperbaric  chomber  thot  wmuld  occommodate  five  Plexiglos  cylinders 
was  used  for  overcompression  (Figure  1).  Compressed  air  was  supplied  from  o high- 
pressure  cylitxJer  bonk . Air  entering  the  chomber  wms  directed  by  a flexible  manifold 
through  the  Plexiglas  cylinders  containing  the  animals.  A flow  rote  of  15  'iterv'minute 
VMS  maintained  throughout  the  hyperbaric  exrMsure . 
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A lofg«  MOfwolad  choiatwr  wot  umd  for  Hw  hypoboric  profit* . Th*  small 
Pl*xigi«  cyiindofs  w*f«  plocad  on  o rack  (FIgur*  2)  with  100%  oxygon  provided 
instoad  ofcomproiwd  oir. 

Rodlognipiit  war*  takan  with  o 300  mA  g*n*ral  Eloctric*  snehins  ond  using 
25  X 30  cm  Spoelrotin*'^  casraMt  with  intansifying  scroons.  Th*  animals  war* 
roitrainad  in  dorral  r*cumh*ncy  on  th*  rni—Hai  by  o combinoHon  of  straps  and 
woodon  blocks. 

A 10  mHz  Dopplor  ultrasonic  ftowamlar  ond  transcutonoous  prob*  war*  us*d  to 
d*t*ct  intravascular  gosooui  ombolism  in  im{or  thoracic  or  abdominal  v*ss*ls.  Th* 
Dopplor  ultrasonic  flowmotoit  maosuras  blood  velocity  from  an  axtra-vosculor  position 
by  detecting  freguency  shifts  incurved  by  ullrosouttd  reflocted  by  possing  blood  cells. 

bubbles  In  blood  have  been  noted  to  be  even  more  effective  reflectors  of  ultra- 
sound, arvd  thus  are  reodily  detected  and  distinguishobi*  from  normol  blood  flow  (13). 

METHOD 

Five  oddiHoital  squirrel  srankeys  were  used  in  a pilot  study  to  develop  a pressure 
profile  that  would  produce  intravascular  bubbles  In  the  absence  of  clirvicol  sigre. 
Introvoscufer  gas  embolism  Is  a feature  of  decompression  sickitess  ond  is  belfeved  to  be 
resporalbl*  fer  many  of  the  symptorre  (12).  Various  hyperbaric  orxf  hypoboric  pressures 
and  durations,  os  well  os  the  interval  between  each,  were  tested.  A combirxstion  that 
consistently  produced  bubbles  in  more  than  SOU  of  the  five  monkeys  consisted  of 
pressurization  to  2.4  kg/cm^  (80  feet  seo  woter  equivoliNit)  for  3 hours  followed  immedi- 
ately by  1 hour  ot  0,58  k|p^ctri2  (15^000  feet  altitude  equivolent).  This  profile  wos 
used  on  the  experimental  groups. 

The  thirty  corvfitiormd  and  stabilized  experimental  squirrel  monkeys  were  divided 
into  three  groups  of  10  each . Group  A wos  designated  as  control  and  was  subfected 
to  all  phases  of  th*  experinwntol  protocol  except  for  the  pressure  chonges.  Groups  8 
orxf  C were  exposed  once  o week  to  th*  pressure  profiles  for  26  weeks.  All  group* 
were  retoined  and  monitored  clinically  and  radiographically  for  osteonecrotic  onotralies. 
Rodiogrophi  were  token  at  approximately  3-month  intervals. 

Two  alterations  in  the  protocol  occurred.  Hermtologic  determinations  had 
originally  been  proposed,  but  experierK*  with  other  squirrel  monkeys  hod  shown 
collection  of  blood  soiiqrles  to  be  o stressful  procedure  in  this  species.  In  cxidition, 
the  only  consistently  accessible  peripheral  vessel  is  the  femoral  vein . Venipuncture 
attempts  in  this  area  occasionally  result  in  invasion  of  the  femoral  artery.  While  this 
usually  causes  only  minimal  and  reversible  damage  to  the  artery,  henxitomas  and  partial 
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occluricm  con  rsMlt.  Ttw  pr— wf  tiwtHtigsHen  %mk  cenoamsd  trifli  o bone  Icfion  in 
«4iidh  ta^ind  blood  oipply  Hot  boon  incrtodnolod . Tbo  straw  of  tbo  aoMpilng 
procodura  ond  ride  of  vMCuior  impoirownt  to  tbo  polvic  liodi  lod  to  o docition  to  owit 
honwiologic  dotorodnoHono.  A toeond  ctwngo  in  tbo  protocol  involvod  not  raerifiefng 
ono  group  of  tbo  onianb  of  tbo  ond  of  tbo  dyaboric  oxpoauros  for  histopotbologic  study . 

In  tbo  cooploto  oboinco  of  lodiologic  ovidoneo  of  bono  chongos,  o dMision  was  nwdo 
to  ratoin  oil  groups  for  o longer  poriod  to  oiloo  losions  to  dovoiop. 

tESULTS  AND  DISCUSSION 

No  clinicoi,  radiologic^  or  post  owrtooi  ovidortce  of  dyaboric  ostoonocrosis  was 
diacoworad  during  oltbor  tbo  6 owtb  proawro  oxposuro  or  tbo  13-montb  obaorvotion 
poriod  tbot  followod. 

Fivo  of  tbo  30  onionla  houo  dlod  sinco  tbo  boginning  of  tbo  oxporimont.  Ono 
monkoy  frow  Group  C collapsad  on  hour  oftor  his  24th  oxposuro  to  tho  prossuro  profilo . 
Post-nwrtooi  findings  woro  consistont  with  docomproasion  ticknoss;  i .o. , subcutonoous 
oiophyssino  ond  goraous  oarfwii  in  pulmonary  ortd  corobrol  voarals.  Tho  rocond  monkoy 
bolor^god  to  control  Group  A . During  tho  lost  wook  of  proasuro  oxposuros  it  dovolopod 
tromon  and  dyapnoo  whilo  in  tho  Pioxiglos  cylindor  in  tho  hypoboric  chombor  at  aoo- 
iovol  proasuro.  Th^  roctoi  tomporoturo  roochod  41 .2*  C during  rosuscitotivo  offbrts  and 
thon  dropped  quickly  to  subnonool,  at  which  timo  torminol  convulsions  occurred . 
Absonco  of  significont  gross  or  microscopic  lodons  tends  to  support  o diagnosis  of  thermo* 
regulatory  anlfurtction . A monkoy  from  Group  B was  found  dood  in  its  cage  ono  mortth 
after  tbo  proasuro  oxposuros  hod  boon  complete . Post*mortem  examination  wos  unro* 
markable.  Tho  fourth  onimol  (Group  C)  was  discovered  moriburvd  on  tho  bottom  of  its 
oogo  and  expired  uAlle  being  SKxamirtod . Post*mortora  examination  rovoolod  a perforated 
pyloric  ulcer  with  serous  fluid  otxl  gostric  contents  in  tho  obdomirwl  cavity . Another 
animal  from  Group  B died  during  o surgical  procedure  to  remove  an  onlorgomont  from 
tho  right  arm.  N^05isy  findings  include  subcutaneous  rxxardiol  gronulomota  orxl 
pulmonary  fibrosis.  Ths  exact  roloHonship  between  tho  pulmorory  fibrosis  ond  death 
urxlor  anosthesio  is  difficult  to  establish. 

it  must  bo  concluded  thot  tho  squirrel  monkoy  is  not  highly  susceptible  to  dyaboric 
osteonecrosis.  Whether  tho  species  is  refractory  to  the  disease  cannot  be  established 
from  the  present  study.  FurxJing  has  not  been  secured  to  retain  these  animals  orxf 
monitor  them  for  on  extended  period;  however,  efforts  will  be  mode  to  assign  the 
sreposed  onimals  to  other  than  terminal  experiments  ond  maintain  at  least  an  annual 
radiographic  surveillorKO  program. 
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